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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a 
programming method for a programmable logic device 
which minimizes a programming time and maximizes 
the use efficiency of a tester pin. 
SOLUTION: In odor to minimize the programming time 
and maximize the use efficiency of the tester pin, 
automatic test technology is provided which 
programs PLDs 301 to 306 constituted in the forms 
of device chains 310 to 312 at the same time. 
Various forms which enable the parallel programming 
of the device chains are provided for the device 
chains which use the same programming rule, e.g. an 
in-system programmingOSP) rule. Further, various 




forms enabling the parallel programming of device 
chains which use different programming rules, e.g. 
BSCAN(boundary scan) and ISP rules are also 
provided. 
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HMM*3ft©«HJ 

t, A*/fcf>£, W^e>t**bT*3l3, *t&ffi©tf 
y&gffi-fZ&mTX?- (ATE) StflHIM 

(D^uvyk-zimummm (pld) ^at^jwicyn^ 

1 fflXtt-*ttEt±©a0JS8KL& PLD ©fg-^A-f 7. 

->K43tt-5gS-PLD©A;>Jtf>£|$^T> fiJIESfS- 
xA*'T7.5 1 x->©MfBPLD©#A^e>$ttffB^- 10 
_ ^At-f *g? x - > fc43J* S.SM.©P L D ©fflTj H ^vR* _ 

a*, mb»— 5*/w;*?x->fc*i*siiWEPLD© 

tMEftttl tf > ttS V» \ZR-DMBAT E ©IS- K >^*ft 

ttfcifr&stt, we»— TW^x-^wiEiB-p 

L D omSSA* tf > SrfflfE A T E ©»~ K >"\*fll«fc 
1 flXtt*na±«DB[5!ISS«bfcP L d*» e»^-5^--r 

J*?! — >KJ3l*SiB— PLD©A?Jfc?>£RfcVvc, ffi 
IEm:rfWX3 i x->©MfEPLD©#A7Jtf>£M 20 

tarn— r/Hxfx- >ic*tt^s(j©PLD©a*tf> 

^SHftU H?rf2^— ^A-fX^x-XOttrtHPLDJC* 
lt*IWaPLD©IWili;>ttSV>KJL^«tnEATE«DW 

ess- e>^«*« testes -a-. tfl?EffS=xA<7.g i x 

- >©fErfE3S- P L D ©tafEATj tf ><£Mf2A T E ©MS 

7a?ys.> pjrfrxxfjs- ? £ ffr*2 A T E © tWB*n 
tf > L-TfflEJIS— 5 s / Vf X^x- >© jftfE P L D 
NRtftfflE A T E ©S5iem= tf LTMfiS^-xA* 
-fX^x->©WS2PLDF«3's->7 hA?j£it\ 30 

x->K*»t*flka©PLD«DimEa*tr>*iat(i*^ 
©wiBA^j tf n t s*«t-r**js6. 

laxa-wia ±<Dm.mnm l fc p l d a* & & sss=x 

AfX^x-^JBitU -t©*&K:» ffiB»H5*A-f 40 
X?x->fc*»**SS— PLD©Aai:>«|&Vvr. ffi 

fEfgHx A-f X x - > ©MIS P L D ©# Xtl tf > £ W 
fESSHx A^f X ^ x —> \Z & Z> 9\ © P L D © til il tf > 
^B5i^S-e-, MI2mHx/ , C<X9 L x->©t5fePLDC 

*s w- « m h p l d © m« e > * s v » ic jure a t e © 

>©fWESS— PLD ©tatEATJ tf > £85E AT E ©§SE 

1 fflX»4*tl£Jl±01tWaEllfcLfcP L Djfc SfcSSSlBx 
✓VT^x— >ftfl§SU -tcfltefc, mBJBnax/t-f 50 
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*^x— PLD©A27ti>*KiVvr, Sir 

c*037 f /w^^x->omnEPLD©a-A*tf>*iMr 

ESHHx/X-f X^x- >\Z#\12>m<D P L D ©ta^j tf > 
^SBttStf. jBrtEJB— ^/WX^x-^fiDWEPLDC 
*W-*tME P L D ©tilffi$ffi tf >*SV»Cl."3tWBAT 
E©^7\tf>-s'ttgW|-iS^^i±- MIEJBIBtW;*^ 
x- >©Mfe35— PLD ©ME A 73 tf > *WE A T E © 

»-t tf >^«ftw^ts*a*, 

(i) Mie^ , a^75>^^SUtx-^Srv'7 hA^J 
$WXf-vm MIC, ffiEATE ©misuse t:>* 
jfr LTiffilEr/W 7. ? x - > ©f&E P L D ft 'v&.tf 
tfTfSA f E ©Mf2M"-t e>W-UTMfB^-^A*--f 
x->©ttrsEPLDrt^.->7 hA^Si*", B.O (ii) flft 
EHB9 W C y D ^7* 7 5 > itt S X 7^ v 7#*tm9iBJkZt 
mw^/U 7>3 L x.->£ffitif#l\z7aif7l>T2>, ±ffi 

x - > fC* a^© P L D © til ^3 tf > *J£ta $r^> LT 
tErffi^Hx A-f 7. ^x - > ©SiilBJg- P L D ©MB2 AT? 

[»^3H5] B*B1C*V>T, M!SSS-;&tfS?S-5r 
>©e»^7,^- (ATE) StftT, 1«icfi©yP 

if^A^im^mmm (pld) &3£?ijw(cya^7 5> 

1 «Xtt-tftfiUL0B0!IflStt IfcPLD ^ 6 ^^.S-x 
A<X5 L x->«ffl«U. ^©mt, WEJB-: 
X5=-x->lr^tt§S5-PLD©A*tf>*i?V^T. flft 
IBMS— : r/H X^x— >©#ErfH P L D ©&A73 tf > $ttf 
IHSS— 7*A< X^x.— > \Z# lt-5SiJ© P L D ©ffl^J tf > 
'v^S-a-, tJIH^— xA-f X^x->lC45ttSWf2P 
L D QAftGIMff tf > *S fi^3 tm A T E ©SI- tf > 

m— p l d ©ttrlSA* tf > *stri2 a t e ©si— e 

l fflX«-e-ftJ&U©K?fJ&j& bfc P L D e^Slrf 
;HXfi->SIfb, ©*-&(', MfE3i--rA-r 
X?x->IC^ft5^-PLD©A?Jtf>€:^T, M 
teSS- t/H X 5=-x — > ©KrfE P L D ©#A7J tf > £ttf 
fE^-x/N'-f X^x-XC^o^-SS'J© PLD ©ttlTj tf > 
MfEm-xAW7>^x->©ftffEPLD(C 
*3 ti-S W2E P L D ©*dffll tf > £S VM'E.Oft?E A T E © 
mHlf >-\«g^(r^-&$-&, tJIE^-^A-f^^x- 
>©OTE»- P L D ©t5IEA^3 tf >£MfEA T E ©^ES 

yo^75> ^ *MIE A T E ©MfEm- 

tf > b TW1ESS-: 5VW x - > ©t&IE P L D 
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^RZfimm A T E ©ft(Ff2S?lGB tf > t TfflEJB=:5Vt 
'fXf i x->©ttrf2PLDrt's->7 hA*$t, 

tuisas— m~ tV'W 7.^1- > \z& \-y%> p l d 

[|»*S7] MjfcJS 1 fc*V»T. MfHSg— tWT.?* 
x- >fc*tt**«© P L D ©flJfejiJ7J bf >SJffl&t*4r- 
bTMISm-^/WX^jc- >{'*3tt§t5fBm- P L D 

[f£9!©fiMfflfci&0j] io 

- -C O G 0-1] 

W&Wm*&W}<rXY&W. (ATE) fip-ST-^-ttt 

St>©Tr**. Wfc, ATE*a>7^i 

« (PLD) «ifcJIWfc7*ny53>y*fr&'5fc»l;: 
5WX7 c x->^^£^5feffi|c|ilT5&©T& 

[0 0 0 2] 20 

£ © aJtgfc P L D T* 5 -f > ->7. f A if 5 > yfll 

>->XfA7D^75>^ (ISP) gP%->X^A^y 
D^7S>^lt Mxlt 1 9 9 1^5JI 3 BtfT-mgl 
3ttfc*ffl<ftfribggSfl6 9 5, 3 5 6^X19 9 3^8 

1 7 B ftT*Mf *««ff S tlfc*Ba»lf* 5,2 3 7, 30 
218§ r-f>vX^A7 p Dy55>^Mtf>*#fi{t; 
StSTO^S (St rue tureand Me 
thod for Multiplexing Pin 
s for In-system Programmi 
n g) J (G. Josephson et a 1 . ) 

0JC*V»Ttt, f^a57.x-hT->>R^5 t!>7'D^7 

EP^ I S P EN, MODE, 
SCLK, SDI, SDOlf>*PLDtrS8:^-5j:tfc 

<toT->xfi 1 (*37'oy73>^ff;S;bni.. ISP 40 

EN (ISP-f*-:7» bf>«, PLD&-/7tAF«J 
T-Art7 p P^75>^WW4'IC, £D??ffl*ttSCL 

Ktr>^#t«&$n, ja^:/p^73>^£fT&5;fcae>© 

y WMODEe>*^l/TPLD^tt»StlS. SD 
It!>WSDOt!>(t -7ujf5£>if4ttt 
D!f-^*PLD^->7 hA^^lt-SfeJ&oa^JATJ 

Do->7fA^yp^73>yit #»s»*;snfci s 50 



PINtfX MODEtf>&CJtSCLKe>«:^fflL. 
T, ^©^^Aft^P^AnliiPLDSrSDOfr 
SSD I ^y"-i?-3 L x.->&ffl-£-&Z>Z.t\zJ:-z>TfT 
*5Hi:**oIiiX*S. I S PENtf>±©«#*t7-y- 

- hw-ssttftstisw^-c ispt- H*«aiMesn* 

©T\ MODE tf >, SCLKbfX SDItf>, SD 

©B«©fc©fcv;i^:/u*;*BJ"&*«flssn*. 

[0 0 0 3] gig, PLD3»tfiUB*n*^T-A©»ff 

wtrtc^nTioii-cDSinrPLDoyny^s 

_>^^ 1 _^D^7 3>^©^IEt, PLDCOfXfiS 

ff &5 " mtt^-x^— ««oti>-t p-l- 

Air^snxv^ 199 5^.7 n 2 1 attxajK^tt 

fc*ffl#frtng8Sfl0 8/5 0 5, 8 3 7^ (rtgAr i ^^ 
*.y h#^-M-3 3 7 4-US) r->XrA[*37°U^7A 
*imMmBl&<D7u if 7 (Me t hod f 
or P r o g r amm ing of In — syst 
em Progra mm able Integrate 
d Circuits)] (Howard Tang) 

[0004] t«e*s«tc^viTtt, «e*©i sp7"d^ 

75>^>7^al/-y 3 > (»tt) TPLD47" 

P^AT^fc&ICATElC&Vvr&M^ttS^ 

7 7-fJl'O-tSB, U£L«> ATEOf^b^Hl' 

©^h;M&l26 4K£MI63tt«. W. £©Kt*10 
2 41ST&-5. flEoT, ^flin>7^al/->3> 
©PLD©«-&{C«, s<ir Y)Vyr^)V<D-tm 

fox, ^ h;u:7 7-f;wa, lulu, 

O J: 0 /h a ft: 7 y < — -^WJ $ ft, *ft *> ©#« 

77-r;P©®SiJWft:^'py75 >yB#Ffl©ftiT*-5. & 

•5. foT, ©7^^— ±T#8c©PLD£|sP#6<J 
l:7"n^7ALlOf7 h«frfcv», *R«©7 7-f )P 
£p-tM >y?-*&W£&Lfc:j:©.fc3&IWJsfc#l, 

[0 0 0 5] 
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mmirz-fuvv ats z. t & *imt vftzfa 9 5 5 y 

[0 0 0 6] 

^ttSglfX^- (ATE) £ffifflbT, yny^ 

Aojfigiisse (pld) zMPm\zzfu?7$>>f-r 

^n^75>^J Xte rM^>yu^7.+^> (bou 
ndary s c a n) j ^<Df&* <0~7u>f =7 5 >tfM 

l«Xtt-tn«±0«»h!> <«*.«, IS PEN, M 
ODE. SCLK) » HHWitMATjtfX HB©tt?U 

[0 0 0 7] *»9KFiSfc.fcn« > *-©3MK0!lfc*SV» 

^x - >sn*s nfcPLD t * 2 ®x«-?-n^± © 

fK-iX (SB) fi-><&ATEl:«toTyDy75 

©A^tf>«x-^A^ffl©ATEe>tCfJ^T-g). x 

^R£*r-^£&x/WX7 c x->©A#tf>£:frbT 
#r;H^f i->OPLDrt^->7 HAAS*. 
#PLDIC*W*yDy55>y***rail*WJCSttflS 

>©$dffllhf >^*fsl— ©ATE e>'s^-&$n-5CDT, x 

T$>£. 30 

[0008] *»gi© 1 -Dommz «kn«, 1 fl©5Vt 

-f X x - > © ft 7j tf > #t Jgjft {c i r> X 4& © =f) \* -f 7. 
x->©A7Jtf>^-&$tlS. -©Stfitri-DT. m 
— X/ W 7. T^x - >© A73 If > L TMJOf /Vf X 

[0 0 0 9] *««flDjB-3Wfi«Ki*V»T»4. #tW 
7.?x->© 1 flXtt-f-nfiUODIMB tf >**AT E tf > 

5 t x->3&*»— *««C*W*Ot*KMfcRI— Olil* 40 
TrJHjBtStl*. *5VVf;*^x— >©l(Mh;>tt. S- 

ATEtf>^giJfilCi^-g-$nS©T. une.©^* 
<*yx->fc*ttS«WimiR&*fc©fcT*C£ 

SCAN ( I7tr>>$fij-***>j ) zfuif^aytf 
IBM © t> ©^ « rtasx r— h t -> > fc J: o TffflW 
SniT/t-f 7.7 c x->IC*fr-&M^J7 p D^^3 

[0 0 10] #»E©»=3ttfi«fc*V»Ttt, |g-*Jffi 
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7 c x->, Rtf»3SMM©^T»^4*j£L.&xA 

<Di-o<D^m\zi.f[\s.s io©7^-f .x^x— ><D\&j] 

tf>£SiJ©xA*^7^x->©A^e>^iS£^£^3fc 
T, »©f-y-f i->/D^75 >^SMt5 
[0 0 11] SVi7 p n^75>y7 ? -v'-5 i 

■tt-*Ci:*nIK£"tTt»«; 

[0 0 12] 

7^7. hSB (ATE) *«IIT, *Rffl©:/Dy9A 

^riewBSfli (pld) **jB«Kyny5 3>4^r« 

*f***«t/TV»«. *56«HO-S5M«tt, El al;-> 

t.^a 1 0 0 1 bTjsuT**«». -^nratfofe© i s p 

©W75 £fT& o C t £ ojffi t b T V> -5 . 

[0 0 13] 01 alC^Lfc±5l', -y^J-K 10 011 
x-^-^x->&gm§g£:b£PLD 1 0 1, 10 
2, 10 3*fbTW, MD>7-f^l'->3> 

gp-fe^igK^-cra, pld 1 0 1 (DrnM^—z^-h 

(SDO) SgTte. Jftfltl 0 4^LT, PLD 1 0 2 
©fi^J-x-^ATj (SDI) W^bTV^. ftft 
fc. PLD1 0 2©S DOS^fJ, ftfcfix 10 5 S^bT 
P L D 1 0 3 O S D I 9? ^btViS, PLD 10 

1-1 0 acWc^cD^fAfl^ny?? 

!/Jl/ (ISPEN) tf>, qe— H (MODE) tf>, 7 

*t^D'^ (SCLK) t!>t4ftaSE«*nTV» 

ISPENtf>, MODE tf >, SCLKtf>«, AT 
E©ffl*b!>l-3^*4rflSttL,TV»*. 01a 
(C^L^iicilC, PLD10 1-10 3©SD I TkXf- S 
DOOtt, 5fc*, tf>4-5, 6-7, 8-9^flF« 

[0 0 14] dOJgSIIC^ViTtt. ATEtf>6S.t/C8 
JWIf-f >K-^>X«JBC**t, ->XfAl 0 0«t£ 
*Of-5?-fz-> I S Pftf*ffUT7'Dy7A 

ftffJft 5 C«h *> oltB t L T v» « . 
[0 0 15] -77. ^Jijya^7 5>^«, AT E tf > 
6RZjC8€:^L-TPLD 1 0 2S.C/ti 0 

3O0gf©tT07'D^7S>yH AT E tf > 1 — 
3 {Ctt-pTKK)c?^X'5 I S P ENtf >, MOD E tf >, 
SCLKtf>»CJ:oTfelffllSn-5. ->7fA10 0C* 
V»Ttt. PLD10 1-10 3OXr-hVy>Hif 
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t e tf > 6 «t v 8 ©&* wwumm^z 7U— hf 

fctt, Jftjnl 0 4Bitf 1 0 5**PLD 1 0 2^1 0 3 
OSD iSfSPLD 10 1-10 2 0SDO^fi^ 
#81;* i*-5;fr> ATEt?>6;&.tf8;WiK >tf 

-y>X«SltafeSJS-g-tC«, Jfflftl 0 4&tf 1 0 5 
«, PLD 1 0 lRZtl 0 2©SDO«T»C*3^§i^g 
I5PLD 1 0 2&tf 1 0 3©SD I 
•5. 10 

--{-0-0-1^] -m-b^S«X*A.l_0LOJEBEffl3:*^^_h 

JU^r-OP©— M£^L-TV>£. 01 bfc*5Vvr#5'f 

tt^D"/^ (SCLK) ©l^n-y^ffl^fflrp 
\Z, ATElf>l -9lr^ViT©g/)®IC*fJ&bTV^„ 

01 b©^t;:*3i>T, gftgfif r 1 j saf- ro j ©ffi 

fc. Tdon' t c a r ej ©HSfittt TXj Tgfc 
LT&K). 10ISP7 p Dy55>i'»K4'l;SDOb: 
>^ffJPStlSJlS*E&r«a«EH:, I"HJ RZfi 

TLj T^fcbTSS. ElatOfglCitl 20 

fafi©PLD£$iK£it-£frl;ioVvrfrJK«fttA. 01 

a©^rt{rtatte.n^a-PLDic*fLT, -wjnbfep 

LDOSD IS:^SDO^*^^-a-§fcJ?)JC2^© 
#Sni$fcATEH>at&g£ 2*1-5. ^rOtctbiZ. 
fA10 0C9S*« r2 tf>ATE-fey h7y7i 

[0 0 17] 02 btt#»9!©9]©SSlfi«lc*'^< 
fA2 0 0^LTit), *ntt. ISPWF (fll-fe, 30 
ISPEN, MODE, SCLK, SD I, SDOfc? 

» «*M«OATEt!>K:J:oTBaftsn*J:'5a:»IB 
t3nfcPLD2 0 l-2 0 3SfLTH5, 02atC 
^bfc^olC, PLD2 0 1 -2 0 3©I SPM®tf> 
ttATEK>l-3, 6-8, ll-13Cit>T^ 

mnntiz. z.<D&miz&\,*T\t, &PLD^ns# 
©m© 1 spMfp«^*a«i'6© , r, PLD201-2 

&S. ATEtf>9Ri;i 4SilK>li-3> r >;**Mifc 
ffii#LS.OATEtf> 1 -3, 6-8, 11 — 13 tC|WJ 40 
-©{§&£#*.£ CtKJcoT, ->XfA2 0 0 \Z&\,* 
TfiE#©I SPyP^^S^ySff^-S^tfe^ItlTS 
5. !KL-j&:rt*S. H©#»K*Vvt«, KJeM^jpf 
S&PLDKfcfLT, 5 0©ttlHWfcATEt;>*«ifc» 

tsn*. fie-px, •>^fA2oo©WJ rstr>A 

TEtyhTy^J <hB?^$n-5. 02b«->XxA2 
0 0 <D&&\Z#lT£ ; r7> b^P h)l7 T <i JU£5rcbTV> 
«. 0 2 bKfc»*S5r.X h;U7r< ^©*5-f > 

±©— itx— ^tt, W7A2 0 0©^J7 P P^7 5> 
^©J©-&»C, SCLK^Dy£r©£?a£jqgl£«l?« 50 
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ATEtf>l - 1 5©13&«K*«j;L-TV*S. 
[0 0 18] ±JISLfc2i;>ATEt3/ bTy^RXfS 
tf>ATE-fey h7'>y«|S|-©->X7 : -AWlrl^BfStItC 
RW-SCfctf^HBTJ**. £©J:5ft2';*7-A©-M& 
0 5 a©->XfA5 0 0 tLTjfcLT&S. EI 5 a (C^ 
PLD 5 0 1 - 5 0 2**5 \±>ATE±y 
h7y^»IBTKW-6tlT*t). J.OPLD 5 0 3 -5 
0 4*»2K>ATE-fe-5/ hyy^MTrK^ftnTVi 
So fct, AT E tf > (1-10) #PLD 5 0 1 - 
5 0 2£f&ftT3fc&KlStt£nTi5t), I0 7iOA 
_TE_i;>_(l 1-18) a*PLD 5 0 3-5 0 4£&l!j 

S>lTVi*7" PX"D~5 0 2ROt-5 0"3 «" 
J&*a5 0 6 l;ioT«E*CD I S P^T^- v-^x- 
>»*SnT*D, fcTATE tT> 9, 14, 1 6 Sr 
*-f ^>^«SBK:flM»UB."3PLD5 0 1-50 
3 \Ztt-TZ> I SP*JfPt;> (W-6ATEt!>.l -3, 6 
-8, 1 1 - 1 3) fc#V*TR— ©aiBS^Sitf: 
iot. ffi*©I SP:/ny5 3>y*fr&3z:£!fl«iiI 

[0 0 19] 05 b(J->XrA5 0 OOtM/n^S 
>ifm<D^ bfryy'UKD-M&^LT&r). SCL 
Ki7P^^©=s-^nyi7^[r*fTSATEtf> 1-1 

[0 0 2 0] ±Jjfibft:2 t!>ATE-fey h7s/^R0C5 
tr>ATE"fey>7y^«, 7W7.^x->£ 

it f/WXfi-Xl 
«£*©I SP7 p Dif7 5>yffl©^fii<i:Lfe7 ; -^-5 i 
x->^Ufe«|5:fi©SSd^^S 1 zxDtfjv— 

2 bf>ATE-fey hT-y^O- M£0 3O->Xr 
A3 0 0 tLTTpL/TSi-S. 0 3 K^LZtJ; 5 JC, PL 
D 3 0 1 - 3 0 3»45Vt-f;*^x — >3 1 OftiSbT 

fit?ATEtf>i -strioT^Kj^ns^ne, 
©*a^Lfc 1 s pswwtf >*ftffliT7n^7A-r 
* e £*»?ja&Tr* 0 . *-©*§-a-ic, #^&oc^-*.«a 

TE¥>4\Z£-3XmW]ZtlZ>PLD5 0 IOSD I tf 
>l:^^TPLD3 0 1 -3 0 3 ft^&PmiZzs? bX 
j]2t\Z>o mfflZ* PLD3 0 4- 3 0 5HSrrM 
X^x->3 1 1 *»J«UT*D, IOPLD 3 0 6H 
HOPLDi^65$Hf/H7fi->3 124}g 
J«LTV»6. S-TVVf^x— >lCtt, SD I 
ft-TSfcft. XrXx/t-f^^x — >K*W-*ft«©PL 
D©SDObf>75^e»->7 hm^Stlfc^-^SrglXSlfc 
*&IC**2«©ATEli>*tKlt6nTV»*. PLD 3 
0 1, 3 0 4, 3 0 6©I SP*5fflltf>«2 bf>ATE 

•3, S£oTx/N'-f^5 1 x->3 1 0-3 1 2«M?'JIC7 P 

n^5Af*;:£j&*pJflnr**. ^tfe. ci©^iiir*jii 

T»4, PLD 3 0 1 -3 0 6© I SP7f- h"7->>« 
[0 0 2 1] ->XfA3 0 0»r*3ViTJata3 0 7&Ot3 
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0 8 A^A-f X^x— >3 1 0 £xA*-f J^x — > 3 1 
l^ftt^/VT^x — >3 1 l£f/HXfi->3 

>^tC*3V^T«, (a) ATEt!>l-3A«I SPfrJfP 
t?>-sypy7 5>^$!lP*#^., (b) ATE t!> 4 

#pld301©sdi MI^t*— 

U (c) ATEIf>9*5PLD3 0 6©SDOSfl; 
43WTPLD 3 0 1 -3 0 6©f-^-? : x->*5>' 

7 hthi]^nft\S.my : -^^mr), (d) ate 

-[0-0 2 2]_0_4J;iM2J:/g^5ii£5[l^ tf>AT 



E±y hTy^mi'm^Lft7 : /^X^x.-y4 10- 
4 12 (fip-fe. PLD4 0 1 -4 0 3, 404- 

4 0 5, 4 0 6) S;tt5>'XTA4 0 0^l/TVJ 
5. ->X-rA4 0 0 l£:fcV>XH @3®TMXfi- 
>310-312tI&D, t/HWi->4 10- 

4 1 2tt»£«fcttWTSEfc**Wr**. *]Ift, A 

TEtf>9^i 4*s-r>tf-^>^^t«j#ba 

O^A^^x — >4 10-41 2©*jj£f 5 I SPM 
«lf>, EP-feATEtf>l -3, 6-7, 11-13, 20 
ftffi— KMKrTS 21 i (C«fct?T, «£#© I S P ^9 

5 > if iff ttO Z. il% nJtgTa&5. 

CO 0 2 3] J^LfcK9ifr&Slt#fc£oTE&Jfc& 
M^Hfc, BP-fe2t?>ATE-fey hT-v^Xtt 
5 lf>AT E-fcy h7?:/®Vvftiavr lfiC^/Vf* 

^x-> »-pld r^ x ->j ft^-i?) ftttia-T-g. 

ZLili. tttaMfcATE ftJDWfcA 

sm-fe rggsj fc^sifjntLx^ mi^t-owc 

yD^5S>^fflMIit5. AMWtr, ATE 

n mm-fui/y s.>ifmo^<Dy : n^ x^s.— >ft 

*tt#tt*fc»fc#Sc©T-;**-!£> («^L«, 200 
10©t;>£jE8*.5<fe©) ft#LXV»5. -hfciiLfcJ;? 
IC, ^^h;U7-f-f^OjSBS«, ATE*^ 

^SWCi-sTftUKSn*. ffi^T, 2 tf >AT E"fey 
h7y/Xtt5tf>ATEt7 h7y^*flWBr*^t 

©io©#L£«. h;i/7r-r;u©ais*fi/hi3-a- 
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^Itt. 2 hf>ATEty h75»^XI45 t>ATEt 

7 7<;u©liftiiijn$it-5. 

[0 0 2 4] 0 611 x/Wy^x — >©SS*^L< 

S**^t*«?Il)BTr**i:t**UTV»*. H6HPL 
D 3 0 3$r/H7fi->3 1 O^Sf/WXfi- 
>3 1 2^1S«itl:«toT->XfA3 0 0^i 



IE L T V» * . -t ©*S"JK7 x/HXf x ->-3~l 0 = 3 l~ 

y^raftg/htLxv^s. fct, *fB9ifc£rJv>x:? r 
tufys. >ifnm^m.'hii^^ 1 •^©tt'p-^h 

£T©ATEK>anMM§T&*lS*T\ 2bf>ATE-fe 
vY7v~f* 5K>ATE-fcyh7?^, Xtezm*.© 
t>V h7-y :A0ff Jc©&#.-&;b-tH;::fc ViT, P L D ftg 
3D fcJ* - tf > -r /X < 7. x - > t b T t J ^ T « £ £ X & 
5. -^©miC. £T©PLDfc#bT»JI!STi&*fr&foft 
SST, 1 BOP LD*If Cftr/W7f 

>tt, gfcSV^A-rx^x-^Dfc HB©P 

^MH£ai ft -r * ttftfl © p l d (omm ? 

S P&tf B S C AN/0^75 >ifMm<DT-?W]ftLT 

p l d p * zmsxii \f.y&gLm t 

»fc <h*©«fc -5 K IT AT E Z\ £ ifiuj 

fle"e»**">S:St*bTV»S. ISPROtBSCANy 

*>«r I SPR^BSCAN^'P^5 5>^«lrJ©Ttf7 r 
V»*. BSCANypy5 5>^IiJ©TT«, TMS 

( rf^ht-Kt^ hj ) , tck ( r^h^p 

V^J ) , TD I ( Tt-* h^-^A#J ) , TD I 
( rrZhT-^iilAj ) tbT»3£Snfc4fflOt!> 

^LfeJ;5tC, t/HX?i->9 1 0 «t£3fe© I SP 
■7^-^— >©JgS8«t bfcPLD 9 0 1 - 9 0 3 ft 
WbT*3D, ISPWfHi> (BP'S, ISPEN, MO 
DE, SCLK) «ATEtf> 1 - 3 fc«koTffi!&$ 

5.o5 ? A'-rx^x->9 1 o©a«g©fip-fe^-PL 

DTWPLD9 0 1©SD I t!>«AT E K> 4 {C«fc 

otiisn. 1 otcts^sg 

iOPLDT*5PLD9 0 3 ©S D O tf >HAT E tf 
^S^&'&SftT^S. PLD9 0 4-9 0 6lr«to'T 

»j« * nx* obs cANya^7> >ifmm<DT-cy 

D^7ASn5^fA'-fXfi->9 1 111 PLD 
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9 0 4-9 0 6COTMS tf>^ATE tf>6 IC«fcoTi8 
IfrSftSiS&^SBfcStlTHS. PLD9 0 4-9 0 
6CTCKI1 ATEtf>3±Oi7P-/^(f^-S^W 
U ATEt?>3ll ItPLD9 0 1 -9 0 3C9SC 
LKjffi^sfcag-g-SftTV^. PLD 9 0 4-9 0 6IJ 

^T&jfcZftX&Q, f/HX?i->9 1 lODftWBP 
•6S-PLDT*5PLD9 0 4OTD.I tf>teATE 
tf ^trioTggfiSfL J.O^A'f ^^x->9 1 0 
©I^©PLDmPLD9 0 6OTDOt>IJAT 10 

> 7.^^.UT_V1-S. ' 



[0 0 2 5] ■MPJHUB + R:, y : n<X3 L x.->9 1 0 <D 
I SPENfcfMaATEfc^lKioT&tf^JgftS 
tlX-. j/HXf i->9 1 0OPLD9 0 1 -9 0 3 
*ISPt-HtSt5. nmir, ATE tf > 2 (MO 
DE) , AT E tf > 3 (SCLK) , ATE tf > 4 (S 
D I) tt. ^Bl^-^*xA*<X^x->9 1 Ort 
^v!7 KA#£i*£fca6»t{£fl§£tt-5. AT E tf > 5 , 
HI-6SDOt!>«, tVW^x — >9 1 QfrZ?-? 

£©IISISISIIIB!<frK:. ATE tf > 6 (TMS) 20 
tel&SJiJtt^vfey fA'-fX5 1 i->9 10* 

i^t. ma u -fey hj -?-©*§-&k:, ^a* 

-fX^x— >9 1 1OPLD904-90 6 & A T E tf 

> 4 iwA^-^fcit^-rs. T-^w/n s 

>^#^^±tCx/^-rX5 1 x-> 9 1 0^->7hA 
TjSftfc&K:, ATE tf >2 (MODE) tefili&gtfgg 
tC^^n, ft^T^-^Rtfi^MHlATEtf >3 (T 
CK) ±<D?Oy{rm j %*mmVT> ATE tf >4 (T 
DI) ^ltfA<^fi->9 1 l^->7t-A^ 
S-tfSdttfiTiJfigtfa&S. 5WX^x->9 1 l^c, 30 
->7 ha^Snfcx-^teATElf >6 (TMS) T?g 

[0 0 2 6] ISPENt!>*iffiSiittil;gJoTVi 
SHUK, MODEtf>^Ha«|gtr*SATEtf>2 

cfc-a-cwfirstifct. r/Hxfi->9 i o« r-> 

7 H VtmizmftZtl. -^©^tC^A-f ^x-> 9 
1 0 COS D I K>C*^*7 i -^»4«l«Sn*. 5*-* 
Rtf^D^S^fSJH^xA'f T.^x-^9 1 1 fo^s 
•>7 hAA^nfctl:, ATEtf >2RZf6 Cli^T* 
^flSn^TMSS^MODEtXt AT E tf > 3 40 

1 0* rUfrj tt^t$i3-JLOxA'-i'75 L x->9 1 1 

* r5>r-^ h7*r h;uj ttBtstf*. «t^x, ^a* 

^X? : i->9 1 0&Z>*9 1 l«-5-ne.C9*-«©7 P D^ 

ttf*imx$>Z>. ATE tf > 6 (TMS) ««|feSKK9B 
K^$nTV»Sfflfc, HP-fe-rA'-f X?x->9 1 l*i 

TElf>2 (MODE) , AT E tf > 3 (SCLK) , 50 
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ATE tf > 4 (SDI) «, ftBOfcftCTVVfy^x 
— >9 1 0[*3©PLD 9 0 1 - 9 0 3 frS ATE tf > 5 

(sdo) ^-f&^yh-rzfzMz&m-ztiz. =f 

Af *^x->9 1 OrtCyD^ASnfcf-^^ 
lEbitmiC, AT E tf > 2 (MODE) fiHfrS&Kttl;: 

TElf>3 (TCK) , tf>4 (TDI) . tf>6 (T 
MS) $fffll/T, r/HX5 : i->9 1 IrtCPLD 
9 0 4-9 0 Gti^^'f—^^zyy h&j]2ltZ>Z.t$:B] 

[0 0£7] 01OH gi:, ISTS^BSCAN7" 

7jtf>£&JHL-T. ->-y>->^;i/fip-6M^W^:^«|-t? 
->XxAl 0 0ZytHf7&?Zltib\Zi:<D£v\ZVT 
A T E ? - -5 C t *i <5JfigT?& S UT 

V>5. B10I1 g/MS©lf >T»- OATEiT I S 
PfttfB S C ANf^7fi->*yuy?At6Zl 
£©*IIJBfc#tB«jSLTV»*. 01 0 tt, I S P&IiJ© 
PLD1001-100 3^f,«{£$nT^Sf;H- 
Xfi->1 0 10, WBSCAN7*Dy5 5>^S 
giJ©PLD 1004-100 5d^^$tlTV^xA* 
■fXfi- >1 0 1 l^UTV^. fA'-fXfi-> 
1 0 1 0teATE\£>l-5\Z£-3Tffi£h2tlZ>&M<D 
I SPj^iC^SIi^tlTV^. f/HXfi->l 0 
10I1PLD 1 0 0 4- 1 0 0 5©TMStf>£ATE 
tf >6\Z£.-oTm®-ZtlZ]&mf2nT\,*2>. PLD1 
0 0 4&r;i 0 0 5CDTCKlf>H ATEtf>3±© 
2Uy?M^&g.W.K>> ^©&K:5 :; A*--fX3 1 x->l 0 
10OPLD 1 0 0 1-1 0 0 3T^D5/^ftf^I 
r;HXfi-> 10 11 OTD I X 
tfTDOtf>ti> f/HXfi-> 1 010OSDIS 
tfSDOtf >t&m\Z, ATEtf>4R^5-sj*i^bT 
US. 

[0 0 2 8] 01 0 K*5V>T> ISPENtf> (ATE 
tf>l) tt, SMflt;:, ffiHraWB^BOfrSftTTW* 

^x— >1 0 1 OST'P^S^-KiStS. I*g 
BvMC^A'-f 7>^x— > 1 010©SDOtf> (ATEtf 

>5> efsH£«*7r*Dj.o»afflfiDK»*Biitt'r*. 

ATElf>5ICg^L.T^5xA*-fX3 i x->l 0 11 
©TDOtf>, fotf/HXfi-> 1 0 1 0COSD 

oamwiK > v—yy^mzmnzn* z.tzm& 

•t&?ttb\Z. T/HXfi->10 11OPLD10 0 

4RZfl 0 0 5 ©tms \£>mwti&tzmtotsti*. m 

m\Z, xA'-f 7^x-> 1 0 1 l*«7"D^5 5>^n 

t^swk, ispENe> (ATEe>i) itmvtm 

^mWlZnX. tSUZ^x.->1 0 1 OOSDO^ST 
fA-fXfi->l 0 1 0RZM OllttlSPft 

mmuxmsm ic zr n ^ ^ 5 > y $ . 

[0 0 2 9] Bllttl SPENWBSCAN7"D^ 
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->1 1 1 ORtfl 1 1 1IJMODE. A*, ffl#t?> 
«r*ffi-rs. PLD1101-1102 2fctf P L D 1 1 

0 3 - 1 1 0 5 iC^oT^^^SnXV^x^'f 

1 — > 1 1 1 O&tfl 1 1 lfct, ISPEN&iyt 
BSCAN^oy7 5>^IiJCji^-LTUS. 01 1 
fc*V»T, ATE£>1 -5te^*©I SPgg®T7V\* 
-fXfi-MHOOISPEN, MODE, SCL 

K, SDK SDOfc?>£&»jU R^ATEt!>2. 10 
-AT E fcf-> 4 ,-AT E b! ^ 5., _A.T E_t>6 tt.Jfc*© 
BSCANliTTMS, TD I, TDO, TCKK> 
il»iiOTTH, ATE fc?> 3 2&t£ 
ATE t!> 6 , ip-6SCLKt!>S^TCKt!>«^S 
CI5Ht«J8tft:«. fcT, rWXfi-> 1 1 1 0 

Rzti inn -f-ne.cD^^co^n^^m^^i*^ 

PLD 1 1 0 2®SDOHfStfPLD 110 5 ©TD 
OSgT«> ^n£©**©^Py*«^;Wgtt#i?il;:te 
Vi»-&fc«, ^n£©iiK >tf-^>x«|g(r*§ < , 20 

[0 0 3 0] El 2li->7fAl 2 0 0*^bT43 0, 
-E-ftfct I S P&tfB SCAN/D^75>^S|iJOTT 
7/H7fi->l 2 1 O&tfl 2 11 *S65dWC^n 
^5 5>^-r«.31t«rpJtgtbTV^. ->XfA12 0 
Ott, I SP&SiJ©tV'K7.3 1 x->1 2 1 0OSDO 

tf>s.tXB s c AN^n^5 yifrnwiorn-fz^x. 

->1 2 1 1 ©TDOe>at*M&i^3nTUfcV><hV> 
5,&£$*V>T> ill O-^fA 110 0 £|SH§T?& 
3. f;HXfi-> 1 2 1 0©SDObf>«, 
*^x— >1 2 1 1 ©TDOh!>*iStt«litrafeS«-a- 30 

<, X-^W&'bXXT'&S. ->XrAl 2 0 0fc43Vvr 

ft, f;HXfi-> 12 1 ORZfl 2 11 (D^U? 1 ? 

2 0 0fc#wr, SCLKS^TCKtf> (BP'S, AT 
E tf > 4 TkXtA T E tf > 6 ) tt. ^r/HXfi-> 
1 2 1 0&tf 1 2 1 1 *»iStt«JBT**^*(W»T*. 

A T E tf > 6 2&.E&A T E bf > 8 , fip-fe S C L K If >mt 40 
TCKt!>«, **tt, «©f;HXfi->Of- 

«^^->7 hA^SftTl^frXfcMfi^xA-fX? 1 

[0 0 3 1] Bl3ll->XTA1 3 0 0iibT*i5, 
-tftttlS 1 0 ©->7.t-A 1 0 0 0 C^JgMTftoT, > 
•Xt"A 1 3 0 0 af/HXfi-> 1 0 1 O&tfl 0 1 
l©S6*l7Dy?5>y*fTfc3;ifc**JflBi-r*. > 
XfAlOOOtlSO, ->7fAl 3 0 0IJPLD1 50 
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003©SDOt?>tPLD1005©TDOtf>t© 

raic^-g-anTv^sjgfeii 3 o ljWKwenxv**. -> 
xta iooo \zmvT±mvft^^ k. ^ms^- 

ATE t!> 2 (f/K7fi->10 10) ICiS 
tt5MODE«^X«ATEkf>6 (-r/W *?x — > 
10 11) C*W-«TMS«^*3SSIC*Jgtt«»t« 

S. JStri 13 0 1 ©fcJ&C, PLD 1 0 0 

3©SDOJB?&tfPLD 1 0 0 5©TDOJN?£«t? 

S. tie-pT, vX-f^A 1 3 0 0OTTH, f/H7fi 
— > 1010i:1011 ©I^MHjfc^D^S >ififial 

[0 0 3 2] aniJyXfAHOO^bt^U, 
■f-ftttEl lO^XfAl 1 0 O©£jg0!n?*^T, -> 
Xt-A 1 4 0 0 B7/HXfj-> lllOtllll 

AllOOtaftD, ->X^A 1 4 0 0 ictt, PLD1 
102©SDOfc?>£PLDl 1 05©TDOtf>t© 

mz^^nx^mai 4 0 latajtw-sn-rv**. 

Xt- A 1 1 0 0KHWLT±j£L-fc«fc3K:, fft^Rtf^- 
^te. ATE tf> 3 (T;WXfi->l 110) fc* 
tt5SCLKfi^XfctATEfc?>6 (tVWX^x-> 
1111) fc*»**TCKflr^*XSK:*flltt««C« 

wmi.z&zmiz&'rA-e x^x-yfa^yy hxtizn 

5. ffiRl3 0 lOfcJ&lr, PLDl 10 

2©SDOSfRO!PLD 110 5 ©TD OSfrplC^feW" 

*m*ffl#ta, WJjJ*, E.^\z^F&TZ>z\ t£tHzy°a 
if 9 5 >iWIBI'f»fcgttttlRfc-r* z. ij&nrjflBT?**. 
foT, yXfAHOOOTTIt fyH7fi-> 
llOOtim ©^Wi^yny?? >^ojfBT 

[0 0 3 3] Bl-t, *»*©A#»**©tt*K"3V»T 

3n£^£*>©-r«fc<, ^^©stWAtKeB^iftR-^ 

*. 

[H6f©flMlftft91] 

[01a] PLDOI SP*H t £BMW*ATEfc:> 
*« r2K>ATEtyh7y^j ©JBttTTEJOanTV* 
£#589!©— SyfiflflKStK y^fA 10 0 £^Lfc#f 

b&0. 

[01 b] 01 a©-/7fA 1 0 0©M?fJ7°ny7 5 
[02 a] PLD© I S Pi|^*BSW*ATEe> 
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osjkl&wibbl 

[0 2 b] H2.a©^fA2 0 0 01^0^5 5 

[S3] &^^x-> ? -^x->§g^Tg?)K$nTV^ 

* 1 «Xtt**l«±0> P L D *# bT* D StW^D y 5 
S >y0fc»fc2K>ATE-fey hT^y^^^^S 
ntl^f/HXfi->3 10-31 2 £Sbfc$EB§ 
B._ 10 

[H4]~ ^W-^---f x-->iI-tMS.ftTVi 

* l«Xtt*n£t±OPLDS#LT*DSft5!I^Py9 
S>yo&a6fc5 e>ATE-fey hTyTttfBKIS'&S 
nTVi4r/H75 i i->4 10-41 2SjSbJfc«B8 

0o 

[0 5 a] 5 t>ATE"b^ hT^y^CDPLD 5 
0 1 -5 0 2RZ*2 tf>ATE-fey h7*;^»IBOPL 
D503-504 *lfi«K*^V^T 

[0 5 b] H5 a©5/7fA5 0 OflOitJU^D^S 20 



[07] I SP7 p Di7 r 5^>^IrJCQTT7 p D^^^ 

[0 8 3 B S C AN^U^^ >y^IiJOT-C7 P Py 
5^ ^fettW-TSfc*©*^-- h V->>$^Lfci 



[0 9] I SPRZSBSCAN7uify$>tfMm<D 
TT»fP"T* PLD fc*f-r*#»0^ a yZmSXil fcf 
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AT*fc»Kif©«fc5ICLTATET-^^--S-fiEffl-rS 

[010] xmnpnytr* A*a«m*tr>*# 

U v'— y>5/^;HQ:l8«T^AT-A 1 0 0 O^/ny 
^ATSfeftKATET-X^ — tfifrSbT I S P&tfB 

ttlBfejKbfcaWISI. 

[011] x/WA^x->l 1 1 ORZM liijjt 
MODE, Art* U*C>fc#fflf*»&CD, ISTE 
NRtf B SCANya^S >y«S!j*fl6ffl LTS*W 

J;^.? s >yr^j<ojc»«ft3Sbfc»»ia. 
[012] is p»»bs c A^'crdf^s-^yaaij- 
wf;Hx? i x->i 2 i o&tf 1 211 ^ae^jy 

Py5 5>y-r*21i:*nIffii"r*5/XT-Al 2 0 05: 
SbfcflBftB. 
[01 3] ^/Vf^x — >1 0 1 0S«1 0 1 ICO 

0 0 <D^mm^&^>^7s^A 1 3 0 0 £^b#:$Elg0 o 
[014] x/WJ^x— >1 1 1 Ofttfl 111© 
M^jyP^^^>y*pJfgtbfc01 lCDvX^Al 1 

0 0 <D&Mm , V&Z>>'7><r& 1 4 0 0 ^^b^TOo 

10 0 yXrA 

1 0 1, 1 0 2, 1 0 3 PLD (ypy^ApJfgffeS 
£K) 

1 0 4, 1 0 5 jgJn 
3 0 1-306 PLD 
3 0 7, 3 0 8 Jgfii 
3 10-312 rWX?x-> 
30 I S PEN S/^Art^n^S^^*— 
SCLK X*^>^Py^7 
SDI KWfr-^A* 
SDO mM^-5)ftl) 



1 A] 



[01 B] 



I2B] 



5 B] 



1 2 3 4 5 
I&JEN MODE SCLK SDI . SDO 



101 



8 .7 
SOI 8 DO 
V & 



104 



102 



8 9 
SDI SDO 

4 




105 



00GOXOXQX 
010OX0XOX 
0110X0X0X 
O1OOX0XDX 
OOOOXDXDX 
OOIOLOLOL 



OOOOXGOOOXDCOOX 
010OXO10OXO100X 
011OXD11OXO110X 
0100X0100X0100X 

ooooxcoooxcooox 

0010L0010L0010L 
0101X0101 X0101X 
0111XO111XO111X 
0101X0101X0101X 
01 00X01 COX010OX 
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